Introduction
============

The inferior alveolar nerve canal (IANC) contains the inferior alveolar nerve and blood vessels. It supplies blood to the mandibular structures and innervates the mandible, lips, teeth, and adjacent structures. Considering the important sensory function of the inferior alveolar nerve, surgeons must pay utmost attention not to damage the IANC during surgical procedures in this area to prevent related postoperative complications.[@B1][@B2] The IANC may have several anatomical variations, and it may be affected by several types of jaw lesions, causing its displacement.[@B1] Periapical radiography, panoramic radiography, computed tomography, and cone-beam computed tomography are efficient imaging modalities for evaluating the position of the IANC.[@B3] The IANC initiates from the medial surface of the ramus and extends towards the mental foramen in the body of the mandible. The mandibular canal path has an S-shaped pattern in bone. In the third molar region, the mandibular canal is located most laterally and is nearest to the buccal cortical bone. It then approximates the lingual plate in the first molar region. The mandibular canal changes its path towards the buccal cortical plate between the premolar teeth before exiting the mandible through the mental foramen. In the sagittal plane, the inferior alveolar nerve begins its course in the mandible upward and lingually, at approximately 10 mm from the sigmoid notch. It reaches its lowest position in the first molar to second premolar region, with a distance of roughly 7.5 mm from the inferior border of the mandible, where it branches into the incisive and mental nerves. The distance between the IANC and the buccal cortical plate in the molar region is greater than that in the ramus region. This distance varies from 0.57 mm to 5.8 mm in the ramus region and from 0.40 mm to 70 mm in the molar region. These variations in values reported in the literature may be attributed to differences in age and race, as well as anatomical variations.[@B4] A comprehensive literature review identified 8 types of jaw lesions that may cause displacement of the IANC, including odontogenic cysts, pseudocyst, tumors, and hamartomatous lesions associated with displacement of the IANC. These entities should be included in the differential diagnosis when encountering a lesion in close proximity of the IANC, causing its displacement. This overview seeks to assist clinicians in making an accurate and timely differential diagnosis by focusing on the relevant radiographic findings. Displacement of the IANC might be asymptomatic, but when associated with some jaw lesions, it can be regarded as an important radiographic finding relevant for the diagnosis.

Materials and Methods
=====================

For this narrative review article, an electronic search of the literature was carried out by the first author and the corresponding author in the Google Scholar, PubMed, PubMed Central, Science Direct, and Scopus databases for relevant articles using the following keywords: "mandibular canal," "alveolar canal," "inferior alveolar nerve canal," "inferior dental canal," "inferior mandibular canal," "displacement," and "deviation." A total of 120 articles were found, of which 70 were relevant to our topic of interest. Thirty-three articles were excluded from the review process since they were duplicates, were written in languages other than English, or their full texts were not available. Finally, 37 English-language articles published from 1977 to 2017 in dental journals that were closely related to our topic of interest were analyzed. These articles consisted of 24 original papers, 4 reviews, and 9 case reports and case series.

Results
=======

After data collection, the following 8 types of lesions were found to have a correlation with displacement of the IANC: radicular/residual cyst, dentigerous cyst, odontogenic keratocyst, aneurysmal bone cyst, ameloblastoma, central giant cell granuloma, fibrous dysplasia, and cemento-ossifying fibroma. The characteristics of these lesions are summarized in [Table 1](#T1){ref-type="table"}.

Radicular/residual cyst
-----------------------

Radicular/residual cysts are associated with teeth with pulpitis or faulty root canal treatment. Periapical lesions are seen in 34% of teeth with deep carious lesions, and there is a relationship between carious lesions and periapical changes.[@B5] Radicular/residual cysts are the most common cysts found in the jaw, accounting for 52% to 60% of all jaw cysts.[@B6] Residual cysts may develop in a residual granuloma left after tooth extraction, and account for roughly 10% of all odontogenic cysts.[@B6][@B7] They are most commonly seen in the third and fourth decades of life and have a male predilection.[@B8] Radiographically, they appear as well-defined, round to oval radiolucent lesions with a cortical margin ([Fig. 1](#F1){ref-type="fig"}). These cysts may cause expansion of the cortical plates, invaginate into the maxillary sinus, or depress the IANC.[@B6] In a case series, Farman et al.[@B9] demonstrated that radicular and residual cysts have similar features. Small cysts occasionally cause resorption of the IANC. Larger cysts do not cause resorption of the mandibular canal; instead, the mandibular canal is often displaced downward by the pressure of the cyst while remaining intact.

Dentigerous cyst
----------------

Dentigerous cysts are developmental cysts that are often associated with the crown of an impacted or unerupted tooth. Dentigerous cysts are the second most common type of odontogenic cysts after radicular cysts, and account for 16% to 24% of all true cysts of the jaws.[@B10] Most dentigerous cysts are reported in the second and third decades of life, with a slight predilection for males.[@B10][@B11] Dentigerous cysts most often involve the mandibular third molars (65%), followed by the maxillary canines and third molars.[@B10] Radiographically ([Fig. 2](#F2){ref-type="fig"}), a dentigerous cyst appears as a well-defined, unilocular, radiolucent lesion 3--4 mm in diameter located adjacent to the crown of an impacted tooth.[@B10] Dentigerous cysts can cause displacement of the maxillary sinus, IANC, or the nasal fossa.[@B11] Zerrin et al.[@B11] reported loss of the lamina dura and displacement of the IANC and the maxillary sinus floor in 50%, 42%, and 33% of cases, respectively. Farman et al.[@B9] stated that the effects of dentigerous cysts on the IANC depend on the size of the cyst and the position of the involved tooth. Small cysts surrounding the crown of a vertically or laterally positioned tooth have an insignificant effect on the IANC. However, small cysts around inverted teeth may lead to IANC displacement, as do radicular cysts. Large cysts can lead to downward displacement of the IANC and even result in complete loss of mandibular canal margins radiographically, irrespective of the direction of tilting of the affected tooth.

Odontogenic keratocyst
----------------------

Odontogenic keratocysts are a relatively common type of developmental odontogenic cysts, accounting for 10% to 12% of all jaw cysts. They have a slight male predilection.[@B12] The mean age of patients affected by odontogenic keratocysts was reported to be 42 years, and this lesion has a peak incidence in the second to fifth decades of life.[@B10] More than 80% of odontogenic keratocysts have been reported to occur in the mandible, with the highest frequency in the body of the mandible (20%) followed by the angle of the mandible (18%) and vertical ramus (10%).[@B10] Odontogenic keratocysts are often associated with pain, swelling, and drainage, and cause bone expansion and perforation in about 50% of patients.[@B12] Radiographically, an odontogenic keratocyst manifests as a well-defined unilocular or multilocular radiolucent lesion, with smooth or scalloped and often corticated margins ([Fig. 3](#F3){ref-type="fig"}).[@B10][@B12] Odontogenic keratocysts grow in the anterior-posterior direction in the jawbone and do not cause considerable expansion.[@B10] According to Abdi et al.,[@B4] 53.8% of odontogenic keratocysts caused buccal displacement, while 46.2% caused lingual displacement of the IANC. Moreover, Farman et al.[@B9] found that odontogenic keratocysts may cause slight downward displacement of the IANC. However, it should be noted that this type of cyst can surround the mandibular canal. Large odontogenic keratocysts do not cause IANC displacement as other types of odontogenic cysts do.

Aneurysmal bone cyst
--------------------

Aneurysmal bone cysts are osteolytic cystic lesions filled with blood, mainly involving the long bones. They are not common in the craniofacial region, and only 2% of cases occur in the jaws. The mandible is more commonly affected than the maxilla. The body of the mandible (90%) and mandibular ramus (30%) are the most commonly affected regions. However, their occurrence in the coronoid process and the mandibular condyle is rare (2%).[@B13] This type of cyst has a predilection for females and usually occurs in the first 3 decades of life.[@B14] An aneurysmal bone cyst is a painful and rapidly growing cyst that causes bone swelling. Areas involved with an aneurysmal bone cyst may be tender on palpation.[@B15] Their radiographic appearance ([Fig. 4](#F4){ref-type="fig"}) may vary from unilocular radiolucency to a "ballooned-out" multilocular radiolucency with a honeycomb or soap-bubble pattern.[@B14][@B15] Aneurysmal bone cysts can cause expansion, destruction and perforation of bone, and soft tissue herniation.[@B15][@B16] Farman et al.,[@B9] Simsek et al.,[@B13] Pai et al.,[@B14] and Flores et al.[@B16] reported inferior displacement of the IANC due to aneurysmal bone cysts. Sharma reported a case of inferior displacement of the left and right IANCs approximating the inferior border of the mandible caused by an aneurysmal bone cyst.[@B15] However, according to Kolokytbas et al.,[@B17] vascular lesions such as aneurysmal bone cysts tend to displace the IANC towards the lingual cortex, while odontogenic neoplasms tend to displace the mandibular canal buccally.

Ameloblastoma
-------------

Ameloblastoma is the most common odontogenic neoplasm with an epithelial origin. It is usually found in the jawbone, and accounts for 11% to 13% of all odontogenic tumors.[@B10][@B17] It has a slight predilection for males, and patients are often in the age range of 10--90 years, with a peak incidence in the third to fifth decades of life.[@B10] Ameloblastoma often remains asymptomatic until reaches a large size, and it is more commonly seen in the mandible.[@B10][@B18] Radiographically ([Fig. 5](#F5){ref-type="fig"}), it manifests as a multilocular (69%) or unilocular cyst-like lesion. Its radiographic appearance varies from completely radiolucent to mixed with coarse and curved bony septae. These septae create a soap-bubble or honeycomb pattern.[@B10] Ameloblastoma can cause displacement of the adjacent teeth, root resorption, and/or extensive bone expansion.[@B19] According to Abdi, 84.6% of ameloblastomas cause buccal displacement of the IANC, and 15.4% cause lingual displacement.[@B4] According to Kolokythas et al.,[@B17] buccal displacement of the IANC caused by odontogenic tumors may be explained based on the relationship of the developing tooth bud with the IANC and its contents. The tooth buds of permanent teeth are located lingual to their preceding deciduous teeth and the IANC. Therefore, tumors developing at tooth locations are positioned lingual to the IANC and as a result, displace the mandibular canal towards the mandibular buccal cortical plate. In contrast, Farman et al.[@B9] demonstrated that the IANC is displaced downward in patients with ameloblastoma, similar to the pattern observed in patients with radicular and dentigerous cysts.

Central giant cell granuloma
----------------------------

Central giant cell granuloma is a benign proliferative intrabony lesion with an unclear etiology. Hemorrhage, inflammation, and trauma have been suggested as possible causes of central giant cell granuloma. It accounts for \<7% of benign lesions of the jaws.[@B20] It has a predilection for females, and 60% of central giant cell granulomas are detected in individuals younger than 30 years of age.[@B21] It is more commonly found in the anterior region of the jaws than in the posterior region. It often crosses the midline (50% of cases) and is more commonly seen in the mandible.[@B20][@B21] Radiographically ([Fig. 6](#F6){ref-type="fig"}), it manifests as a unilocular to multilocular radiolucent lesion with well-defined margins. It often shows a stubble granular pattern of calcification, which may be organized into wispy septae. In some cases, the septae are located perpendicular to the periphery, dividing the internal space into several compartments and creating a honeycomb pattern.[@B20] Central giant cell granuloma can cause displacement of the adjacent teeth and tooth buds, as well as root resorption. The lamina dura of the teeth within the lesion is usually missing.[@B14][@B20] Pay et al.,[@B14] Chawla et al.,[@B20] Kamble et al.,[@B21] Gupta et al.,[@B22] and Baskaran et al.[@B23] reported inferior displacement of the IANC due to central giant cell granuloma. Central giant cell granuloma, similar to aneurysmal bone cysts, can displace the IANC towards the mandibular lingual cortical plate.[@B17] The reason for lingual displacement of the mandibular canal by anomalies with vascular origin such as aneurysmal bone cyst and central giant cell granuloma is not clearly understood.[@B17] According to Kolokytbas et al.,[@B17] vascular components of the neurovascular bundle are often located buccal to the IANC, and vascular lesions therefore cause lingual displacement of the mandibular canal.

Fibrous dysplasia
-----------------

Fibrous dysplasia is a hamartomatous, benign, fibro-osseous, developmental disorder of the bone. It has a predilection for long bones (such as the femur), ribs, and craniofacial bones. It often develops as the result of a mutation in the gene encoding the alpha-subunit of stimulatory G protein.[@B24][@B25] Fibrous dysplasia has 2 primary categories: (1) monostotic fibrous dysplasia, characterized by the involvement of only 1 bone; and (2) polyostotic fibrous dysplasia, characterized by the involvement of several bones. Monostotic fibrous dysplasia is often diagnosed in the first to third decades of life, with no sex or race predilection. Up to 85% of patients with fibrous dysplasia suffer from the monostotic type.[@B24] The second age peak for fibrous dysplasia is the fourth to sixth decades of life. Polyostotic fibrous dysplasia is less frequent, and is associated with skin pigmentation and endocrine disturbances in about 3% of patients. It is more common in young females.[@B24] Among facial bones, the mandible is most commonly affected by fibrous dysplasia.[@B25] On radiography, ill-defined, mixed to radiopaque areas with ground-glass or orange-peel patterns are seen.[@B24][@B25] According to MacDonald Jankowski and Li,[@B26] fibrous dysplasia may cause swelling of the buccolingual and inferior mandibular cortical bone in around 80% of patients. Displacement of the IANC occurs in over 60% of patients. Maxillary sinus involvement is detected in almost all cases of fibrous dysplasia affecting the maxilla. Tooth/root displacement is found in up to 50% of patients, and root resorption occurs in fewer than 5% of patients. In a study by de Noronha Santos Netto et al.,[@B24] 20% and 64% of patients with fibrous dysplasia suffered from displacement of the IANC and maxillary sinus floor, respectively. Upward displacement of the mandibular canal has been considered pathognomonic for fibrous dysplasia by some authors.[@B27][@B28] Harmon et al.,[@B29] Giunta et al.,[@B30] and Goldberg and Sperling[@B31] reported similar results regarding displacement of the IANC in patients with fibrous dysplasia. In addition to superior displacement of the mandibular canal, Nityasri et al.[@B25] showed its inferior displacement due to fibrous dysplasia in a radiographic retrospective study.

Cemento-ossifying fibroma
-------------------------

Cemento-ossifying fibroma is a benign fibro-osseous lesion with neoplastic behavior.[@B24] The pathogenesis of cemento-ossifying fibroma has yet to be clearly established; however, congenital anomalies and trauma in the process of maturation of dental structures may be responsible for the occurrence of cemento-ossifying fibroma.[@B32] Women in their second to fourth decades of life are commonly affected. Cemento-ossifying fibroma most commonly involves the mandible (93%), particularly the molar area (61%), followed by the premolar (28%) and canine-incisor (11%) regions.[@B24][@B32] Cemento-ossifying fibroma often manifests as a painless and round mass that grows and expands slowly.[@B32] Radiographically, cemento-ossifying fibroma is radiolucent in its early stages of development. As the lesion matures, it becomes mixed radiolucent and radiopaque, and eventually completely radiopaque.[@B32] In 3 different studies, MacDonald-Jankowski[@B33][@B34][@B35] revealed that cemento-ossifying fibroma may cause IANC displacement in over 50% of patients. As described in those studies, over 80% of cases of cemento-ossifying fibroma of the maxilla cause maxillary sinus involvement. Tooth/root displacement occurs fairly frequently, in \<25% of cases, and root resorption occurs in around 20% of patients with cemento-ossifying fibroma. De Noronha Santos Netto et al.[@B24] reported that displacement of the IANC, maxillary sinus floor, and adjacent teeth/roots occurred in 56%, 67%, and 60% of cemento-ossifying fibroma patients, respectively. In contrast, Farman et al. showed displacement of the mandibular canal without erosion of its cortical plate by cemento-ossifying fibroma.[@B9] Fanibunda and Reed[@B36] and Saikrishna et al.[@B37] showed downward displacement of the mandibular canal in patients with cemento-ossifying fibroma.

Discussion
==========

As presented in [Table 1](#T1){ref-type="table"}, which contains a summary of the results, jaw lesions causing IANC displacement can be generally divided into 5 categories: odontogenic cysts (including radicular cysts, dentigerous cysts, and odontogenic keratocysts), pseudocysts (aneurysmal bone cysts), odontogenic tumors (ameloblastoma), reactive lesions (central giant cell granuloma), and fibro-osseous lesions (fibrous dysplasia and cemento-ossifying fibroma). Of those types of lesions, fibrous dysplasia causes superior displacement of the IANC, while the other lesions all cause inferior displacement of the IANC. This finding is so important that superior displacement of the mandibular canal is considered pathognomonic for the diagnosis of fibrous dysplasia.[@B27][@B28] The lesions involving the IANC do not show significant differences in terms of the age and sex of affected patients. Ameloblastoma and fibrous dysplasia cause the greatest displacement of the IANC, although mandibular canal displacement by these lesions is in completely opposite directions. Radiographically, all of these lesions are well-defined, except for fibrous dysplasia, and almost all have a significantly higher prevalence in the mandible.

Among cystic lesions, radicular cysts are related to necrotic teeth,[@B5] while the other lesions are related to vital or impacted teeth.[@B10] Moreover, all these lesions are located peri-apically except for dentigerous cysts, which have a peri-coronal position.[@B10][@B11][@B12][@B13] The high extension and low expansion of odontogenic keratocysts and the ballooning expansion of aneurysmal bone cysts can be of great value for diagnosing them correctly.[@B10][@B14][@B15]

It should be noted that although aneurysmal bone cysts occur in younger patients than the other cystic lesions discussed above, its frequency in the jawbone is much lower than that of the other lesions.[@B13] Moreover, all these cystic lesions cause inferior displacement of the IANC; the displacement caused by odontogenic keratocysts has a buccal inclination, while the displacement caused by aneurysmal bone cysts has a lingual inclination. Among odontogenic tumors, ameloblastoma is the most common and causes the greatest displacement of the IANC. The strong tendency of ameloblastoma to cause inferior and buccal displacement of the IANC should be considered in surgical procedures in this region to minimize traumatization of the mandibular canal.[@B17]

Central giant cell granuloma is a reactive lesion of the jaw that causes IANC displacement similar to that caused by aneurysmal bone cysts. Regarding the fibro-osseous lesions, it should be noted that fibrous dysplasia is originally a hamartoma, and therefore has a long history. In other words, it is a developmental defect, whereas cemento-ossifying fibroma is a true neoplasm and may have a shorter history. Furthermore, fibrous dysplasia has ill-defined margins, whereas cemento-ossifying fibroma has well-defined borders and is surrounded by a radiolucent rim, which aids in its diagnosis. Furthermore, as stated earlier, the direction of mandibular canal displacement by cemento-ossifying fibroma and fibrous dysplasia is opposite.[@B24][@B25][@B32][@B34]

Considering all the above, the 8 types of lesions discussed herein should be suspected in cases of IANC displacement, and the differential diagnosis should take into account the characteristics of this displacement. Additionally, following the diagnosis of one of these lesions, IANC displacement should be expected as the lesion matures. These findings can help surgeons perform more efficient and safer surgical procedures and highlight the significance of radiography in diagnosis and treatment planning.

![A panoramic reconstructed cone-beam computed tomographic image shows downward displacement of the mandibular canal in a patient with a radicular cyst.](isd-49-79-g001){#F1}

![A panoramic reconstructed cone-beam computed tomographic image shows the inferiorly displaced mandibular canal in a patient with a dentigerous cyst.](isd-49-79-g002){#F2}

![A panoramic reconstructed cone-beam computed tomographic image shows downward displacement of the mandibular canal in a patient with an odontogenic keratocyst.](isd-49-79-g003){#F3}

![A panoramic reconstructed cone-beam computed tomographic image shows downward displacement of the mandibular canal in a patient with an aneurysmal bone cyst.](isd-49-79-g004){#F4}

![A panoramic reconstructed cone-beam computed tomographic image shows the inferiorly displaced mandibular canal in a patient with ameloblastoma.](isd-49-79-g005){#F5}

![A panoramic reconstructed cone-beam computed tomographic image shows inferior displacement of the mandibular canal in a patient with central giant cell granuloma.](isd-49-79-g006){#F6}

###### General characteristics of jaw lesions associated with displacement of the inferior alveolar nerve canal
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M: male, F: female, Man: mandible, Max: maxilla
